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As part of a propulsion/airframe integration program at Langley Research Center,
tests have been conducted in the Langley 16-Foot Transonic Tunnel to determine the
longitudinal aerodynamic effects of installing flow-through mixed-flow enqine na-
celles in the aft underwing position of a high-wing transonic transport airplane.
Both circular and D-shaped inlet nacelles were tested. In search of a structurally
adequate low-drag pylon configuration, antishock bodies installed on the wing and
nacelle upper surfaces were also tested. Data were obtained for a free-stream Mach
number range from 0.70 to 0.85 and a model angle-of-attack range from -2.5 ° to 4.0 ° .
The design cruise conditions were a free-stream Mach number of 0.80 and a lift coef-
ficient of 0.43 (at an angle of attack of approximately I°).
Installation of nacelles in the aft underwing position produced lift increases,
as opposed to the loss in lift typical of forward wing-mounted nacelle configura-
tions. The longitudinal aerodynamic characteristics of the aft-mounted nacelle
configurations were better than those of a conventional, forward, underwing pylon-
mounted nacelle configuration. The D-shaped inlet nacelles had the lower nacelle
installation drag. It was also demonstrated that properly configured antishock
bodies, proposed to house the structure required to attach the nacelles in the agt
underwing position, could be installed on the wing and nacelle upper surfaces without
a deterioration of the longitudinal aerodynamic cruise performance at a Mach number
of 0.80. At the highest test Mach number of 0.85, at which a higher shock loss
occurs, one of the antishock-body/pylon configurations reduced the nacelle installa-
tion drag approximately 80 percent at cruise lift.
INTRODUCTION
The installation of engine nacelles on the wing, fuselage, or tail of an air-
plane has a decided effect on the aerodynamic performance of the airplane. In
particular, the installed drag of the propulsion system directly affects the guel
consumption at cruise conditions. Previous studies (ref. I) have shown the diffi-
culty of reducing interference drag for conventional, forward, underwing pylon-
mounted nacelles on supercritical wings. Conversely, it has been shown theoretically
that a lower installation drag may be obtained by placing the nacelles in the under-
wing aft-mounted position (ref. 2) where they inherently cause fewer wing upper-
surface flow disturbances and minimize channeling effects of the wing/pylon/nacelle
juncture. Also, the aft installation lends itself to blending D-shaped inlets into
the wing lower surface, a result which may have a favorable effect on interference
drag.
One important concern related to aft-mounted nacelles is the problem of provid-
ing structurally adequate nacelle supports that do not negate the drag benefits of
the aft installation. The application of antishock bodies similar to those reported
in reference 3 has been proposed as one potentially fruitful approach to this
problem.
To determine the aerodynamic effects of this unconventional nacelle installa-
tion, nacelles with both circular and D-shaped inlets (referred to herein as
"circular nacelles" and "D-nacelles," respectively) were tested in a wind-tunnel
investigation. Configurations with antishock bodies were also included to explore
the feasibility of configuring low-drag supports that are structurally adequate for




























cross-sectional area, in 2
capture area, in 2
buttline for highlight diverter (fig. 8), in.
waterline for highlight diverter (fig. 8), in.






pitching-moment coefficient, Pitching moment/q_$S
normal-force coefficient, (Normal force to WRP)/q_S
pressure coefficient, (p - p_)/q_
chord measured in wing reference plane, in.
2 + CR T R in.
mean geometric chord, 3 T - c T + c '
average wing chord, in.
reference root chord at model centerline, in.
reference tip chord, in.
nacelle-exit diameter, in.
fuselage station (axial dimension from nose of model), in.































D-nacelle buttline (fig. 9), in.
nacelle station, in.
D-nacelle waterline (fig. 9), in.
exponent for superelliptic equation for top half of D-nacelle internal
transition section
pylon buttline for circular nacelle, in.
pylon waterline for circular nacelle, in.
pressure, ib/in 2
free-stream static pressure, Ib/in 2
free-stream dynamic pressure, ib/in 2
D-nacelle radial distance from top (fig. 9), in. (denoted by "SCRIPT-R" in
table 10)
radius of curvature, in.
radius from model local centerline, in.
radius from nacelle centerline, in.
cross-sectional radius of antishock body, in.
wing reference area, in 2
wing thickness, in.
waterline of model (vertical dimension), in.
wing reference plane (WL 3.25), in.
local axial dimension, in.
local lateral dimension, in.
vertical dimension, in.
angle of attack, deg
wing twist angle, deg
semispan location, 2y/b
circumferential angular dimension for D-nacelle (fig. 9), deg
rotation angle of 4.573° between coordinate axes of model and circular
nacelle (fig. 8), deg
T nacelle forebody thickness, in.
rotation angle between highlight diverter for circular nacelle and
coordinate axes of model (fig. 8), deg
circumferential angular dimension from vertical axis through nacelle










EXPERIMENTAL APPARATUS AND PROCEDURE
Wind Tunnel
The experimental investigation was conducted in the Langley 16-Foot Transonic
Tunnel (refs. 4 and 5). This facility is a single-return, continuous-flow, atmo-
spheric wind tunnel. It has a 47-ft-long octagonal test section with eight lonqi-
tudinal slots and a throat cross-sectional area of 199.15 ft 2. The tunnel has
continuous air exchange for coolinq. The wall divergence in the test section is
adjusted as a function of the airstream dew point and Mach number to minimize any
longitudinal static-pressure gradients in the test section. The free-stream Mach
number is continuously variable to a maxim_ of 1.30 with an accurac_ of ±0.005. The
average Reynolds number per foot varies from approximately 1.46 x 10 at a free-
stream Mach number of 0.20 to approximately 4.10 x 106 at a free-stream Mach number
of 1.30.
Model and Support System
General arrangement.- The experimental apparatus used in this investigation is
shown in figure I. The 1/24th-scale model was representative of a wide-body trans-
port. The model was fully metric and sting supported on a six-component strain-gauge
balance. It had a high wing consisting of supercritical airfoil sections and a
T-shaped tail (T-tail). Both circular nacelles and D-nacelles were tested in the aft
underwing position. A sketch showing the general arrangement of the transport model
is given in figure 2. The model blockage was 0.36 percent of the test-section cross
section.
Model support system.- The transport model was sting mounted in the test section
of the tunnel. The centerline of the model was aligned with the test-section center-
line at an angle of attack of 0 °. The moment center of the balance at a fuselage
station of 30.203 in. (FS 30.203) was located at tunnel station 132.51 ft with the
model nose at tunnel station 129.99 ft.
Fuselage.- The fuselage geometry of the model is shown in figure 3. This fuse-
lage was 62.0 in. in length with circular cross sections and a maximum diameter of
9.0 in. The model had an ellipsoidal nose, a cylindrical centerbody, and an upswept
aft section. Wing-fuselage fairings shown in figure 4 were added to fill the gap
between the fuselage and the wing lower surface. Table I presents coordinates of the
wing-fuselage fairings.
Wing.- The wing geometry is presented in figure 5(a). In addition to the dimen-
sions shown, the wing was defined by specifying the airfoil sections used at the
three spanwise stations shown in figure 5(b). The airfoil section at the fuselage
side was a supercritical airfoil section modified to have reduced curvature on the
aft upper surface. The maximum thickness of this airfoil section was located at a
chordwise station x/c of approximately 0.30 as opposed to the normal x/c of
0.40. These modifications were incorporated to compensate for adverse fuselage in-
terference that tends to move wing isobars aft, thereby unsweeping the shock wave in
this region. The airfoil sections at the planform break and at the wing tip were
supercritical sections. A thickness ratio t/c of 0.144 was specified at the fuse-
lage side, 0.12 at the planform break, and 0.10 at the wing tip. As shown in fig-
ure 5(c), the wing twist e was specified to be 2.4622 ° at the fuselage side,
0.2564 ° at the planform break, and -1.2294 ° at the wing tip with a linear variation
between these spanwise locations. The wing sections were oriented so that the
leading-edge points were collinear. The wing sweep was 32.81 ° at the leading edge,
30.00 ° at x/c = 0.25, and 20.58 ° at the trailing edge (outboard the planform break).
Intermediate spanwise sections were obtained by linearly interpolating along lines of
constant percent chord. The wing definition at the intersection with the fuselage
was obtained by extrapolating the airfoil coordinates from the two most inboard air-
foil sections specified. Fillets were added to the fuselage-wing leading-edge junc-
tures (fig. 4). The wing-tip leading edges also were faired and rounded. Wing
streamwise coordinates relative to the wing reference plane (WRP) 3.25 in. above the
model waterline are presented in table 2 for selected span stations. Chordwise rows
of pressure orifices were located at 10 spanwise locations n as shown in fig-
ure 5(d) and listed in table 3.
Tail.- The model had a T-tail with a bullet fairing at the juncture of the hori-
zontal and vertical stabilizers. A sketch of the vertical stabilizer and bullet
fairing is shown in figure 6, and a sketch of the horizontal stabilizer is shown in
figure 7.
The vertical stabilizer had a symmetrical airfoil section. The coordinates for
this _±_I section are presented in figure _v. _.._ airfoil had ........_ratio _f 1_ng-
edge radius to chord of 0.0100 and a ratio of maximum thickness to chord of 0.1126.
The reference planform was trapezoidal with a height of 11.500 in. The root was at a
waterline of 4.5 in. (WL 4.500) and had a chord of 15.119 in. with the leading edge
located at a fuselage station of 45.688 in. (FS 45.688). The tip was at WL 16.000
and had a chord of 9.800 in. Thus, the taper ratio was 0.6482; the sweep angle was
49.60 ° at the leading edge, 35.47 ° at the trailing edge, and 46.65 ° at the quarter-
chord line. The vertical stabilizer extended past WL 4.500 to intersect the curved
fuselage surface. A fairing, smoothing the intersection of the leading edge and
fuselage, extended forward to FS 42.938.
The bullet fairing is also shown in figure 6. It had circular cross sections
centered about WL 15.840. Its length was 14.000 in., extending from FS 58.000 to
FS 72.000. It consisted of a 1.750-in-diameter cylindrical centerbody and two
3.638-in-long ogive tips with longitudinal radii of 8.000 in.
The horizonal stabilizer had an inverted-camber airfoil section with no dihedral
or twist. The incidence angle was variable by ±2°, but it was tested only at the 0°
setting. The coordinates for this airfoil section at the 0° incidence setting are
presented in figure 7 with the reference plane located at WL16.000. The airfoil
section had a ratio of leading-edge radius to chord of 0.0188 and a ratio of maximum
thickness to chord of 0.1168. The reference planform was trapezoidal with a span of
24.000 in. The root chord was 9.000 in. with the leading edge located at FS 60.000.
The tip chord was 3.400 in. Thus, the taper ratio was 0.3778; the sweep angle was
36.25 ° at the leading edge, 14.93 ° at the trailing edge, and 31.66 ° at the quarter-
chord line. The tip leading edges were faired and rounded in the same manner as the
wing tips.
Nacelle and pylon.- Two flow-through, long-duct, mixed-flow nacelles were
tested, a circular nacelle shown in figure 8 and a D-nacelle shown in figure 9. Both
nacelles were designed to have a mass flow ratio A0/AHL of 0.70 at the free-stream
Mach number of 0.80. The centerlines of both nacelles were located at n = 0.370,
the same as for a similar forward-mounted nacelle previously tested (ref. 6). The
inlet highlights were located at x/c = 0.714 (at FS 33.65). The local Mach number
for the clean wing at this location was 0.72. Both nacelles had a maximum diameter
of 4.500 in. and a length of 15.750 in. with smooth exterior and interior surfaces.
(Both had continuous first and second derivatives in the axial direction.) Refer-
ence 7 presents a geometric description of both configurations. Much of the geo-
metric information presented in the tables herein was extracted from reference 7.
Circular nacelle.- The centerline of the circular nacelle was located at WL 0.80
and _ = 0.370. The exterior consisted of a forebody, a cylindrical section, and an
afterbody. The forebody was a shaped ellipse 2.713 in. long that was followed by a
5.087-in. cylindrical section with a diameter of 4.500 in. The 7.95-in. afterbody
consisted of two sections. The first section had an elliptic distribution of the
inverse of the longitudinal radius of curvature with a peak value of rmax/r c of
0.061. It faired into a second section, a 2.200-in. conical section with a half-cone
angle of 7.01 ° and an external exit diameter of 3.2228 in. Coordinates for the exte-
rior of the circular nacelle are presented in table 4.
The interior of the circular nacelle also consisted of three sections. The
inlet lip was 0.342 in. long and had a contraction ratio of 1.21. Its shape was a
lemniscate with an aspect ratio of 2.0 and with specified radii of curvature at the
highlight and throat. The diameter of the highlight was 3.748 in., and the diameter
of the throat was 3.406 in. The inlet was followed by a 13.2709-in-long cylindrical
section and a 2.1371-in-long conical section with a half-cone angle of 3 ° and an exit
diameter of 3.182 in. Interior coordinates are presented in table 5.
Diverter.- The two diverters shown in figure 8 were used to fair the gap between
the circular nacelle and the wing lower surface. The gap was designed to have flow
with no adverse pressure gradient and with minimum entrainment of air into the bound-
ary layer. The recessed diverter was designed to start where the wing and nacelle
boundary layers filled the gap, with its contour defined to be the intersection of
the two boundary layers. The highlight diverter originated 0.100 in. aft of the na-
celle highlight. Both diverters had cross sections symmetric about a rotated verti-
cal axis, with sides parallel to that axis. Coordinates for the two diverters are
presented in table 6.
Circular-nacelle pylon.- The basic pylon started at FS 30.3751 at approximately
the wing crest. It had elliptical cross sections symmetric about the rotated
vertical axis of the pylon coordinate system shownin figure 8. The pylon faired
smoothly into the circular-nacelle afterbody at a boattail angle of 6.73 °. Coordi-
nates of the basic pylon are presented in table 7. The pressure pylon was larger to
allow sufficient area to route pressure tubes to the nacelle. The pressure pylon
originated at FS 26.50 near the wing leading edge. Coordinates of the pressure pylon
are presented in table 8. Static-pressure orifice locations for the pressure pylon
and the exterior and interior of the circular nacelle are presented in table 9.
D-nacelle.- The centerline of the D-nacelle was located at WL 1.224 and
q = 0.370. The exterior consisted of a forebody, a centerbody, and an afterbody.
The forebody contours were developed in planes of constant @ (fig. 9). The length
of the forebody varied sinusoidally from 3.811 in. in the @ = 0 ° plane to 2.713 in.
in planes with 8 > arctan(4/n). At the highlight, the bottom was a 1.874-in-radius
semicircle; at the end of the forebody, it was a 2.25-in-radius semicircle. Forebody
coordinates are presented in table 10. The straight sidewalls formed a flat surface
from a nacelle station of 2.713 to 7.8 in. (NS 2.713 to NS 7.8), the end of the cen-
terbody. This surface extended from the nacelle centerline (WL 1.224) upward to the
wing lower surface or the pylon aft of the wing. Coordinates of the pylon/flat-
sidewall boundary are presented in table 11. The bottom centerbody surface from
NS 3.811 aft to NS 7.8 was a semicircular cylinder with a 2.25 in. radius. The
afterbody was the same as the circular-nacelle afterbody in table 4 with the pylon
faired into the top half.
The interior of the D-nacelle consisted of an inlet, a transition section, a cy-
lindrical section, and a conical section. The D-nacelle had the same highlight,
throat, and exit areas as the circular nacelle. The cylindrical and conical sections
were the same as those of the circular nacelle starting at NS 7.8 (table 5). The
inlet lip was 0.4804 in. long. Its shape was proportioned to the circular-nacelle
inlet geometry by using the D-nacelle external forebody length and thickness for each





The coordinates are presented in table 10. As shown in figure 9, the flat top of the
inlet extended forward to the highlight plane and intersected the wing lower surface.
The coordinates of this intersection line are presented in table 12. A constant-area
transition section connected the inlet and the cylindrical section. The bottom of
the section had 1.703-in-radius semicircular cross sections. The maximum longitudi-
nal wall angle was 6.3 ° . The top of the transition section had superelliptic cross
sections of the form
<
_J + _ = 1.0
Centerline and upper-contour parameters for the transition section are presented in
table 1 3.
D-nacelle pylon.- The D-nacelle pylons had the same characteristics as the
circular-nacelle pylons. The basic pylon originated at FS 30.5615, which was approx-
imately the wing crest (fig. 9). It had symmetric, elliptical cross sections and
faired smoothly into the axisymmetric nacelle afterbody. Coordinates are presented
in table 14. The pressure pylon was larger to allow sufficient area to route pres-
sure tubes to the nacelle. The pressure pylon originated at FS 26.65 near the wing
leading edge. Coordinates are presented in table 15. Static-pressure orifice loca-
tions for the pressure pylon and the exterior and interior of the D-nacelle are pre-
sented in table 16.
Antishock bodies.- Two sets of bodies having semiconical forebodies and stream-
lined boattail afterbodies were tested on the D-nacelle/basic-pylon configuration
(fig. 10). The bodies were mounted on the wing upper surface with the cone apex
location (FS 31.2; x/c : 0.47) approximately at the wing maximum thickness location.
The antishock bodies were designed to relieve the shock formation on the wing upper
surface and reduce the shock-associated wave drag (ref. 3). Both sets of antishock
bodies had semicircular cross sections, but they differed in the lengths of their
cone forebodies. The short-cone antishock body was canted inboard approximately 2 °
relative to the nacelle centerline, and its centerline intersected the nacelle plane
of symmetry at approximately FS 36.9. It had a total length of approximately
16.8 in. and a conic forebody length of about 4.7 in. The long-cone antishock body
was canted inboard approximately I ° and intersected the nacelle symmetry plane at
approximately FS 43.05. It had a total length of approximately 15.5 in. and a conic
forebody length of about 8.0 in. that extended past the wing trailing edge. Nominal
coordinates for both antishock bodies are presented in table 17.
INSTRUMENTATION
The model aerodynamic force and moment data were obtained by an internally
mounted six-component strain-gauge balance (balance 838). The model surface static
pressures were measured by scanning electrical strain-gauge transducers. These in-
struments were located in the model nose to reduce the lag time required between data
points. Sting cavity pressures were measured by electrical strain-gauge transducers
and were used to correct the cavity static pressure to the free-stream static pres-
sure for force coefficients. Instruments were calibrated to an accuracy of at least
±0.5 percent of their maximum load.
TESTS
This experimental wind-tunnel investigation was conducted in the Langley 16-Foot
Transonic Tunnel at free-stream Mach numbers from 0.70 to 0.85. The model angle of
attack was varied from -2.5 ° to 4.0 ° at zero sideslip. The Reynolds number based on
the mean geometric chord varied from approximately 2.5 x 106 to 3.0 x 106. Boundary-
layer transition on the model was fixed by using a grit transition-strip procedure
(ref. 8). A 0.l-in-wide strip of No. 100 silicon carbide grit was attached 1.0 in.
behind the nose of the fuselage. The vertical-tail bullet fairing had a transition
strip applied 1.0 in. behind its nose by using No. 120 silicon carbide grit. The
horizontal and vertical tails had No. 100 strips applied at 0.I0c. The transition
strips on the wing were applied in an aft position in order to match the boundary-
layer thickness at the trailing edge (ref. 9). Figure 11 shows the location of the
transition strips on the wing upper and lower surfaces. A strip of No. 90 silicon
carbide grit was applied on the upper surface, whereas No. 80 was used on the lower
surface. Strips of No. 120 silicon carbide grit were applied both externally and
internally to the nacelles 0.375 in. aft of the nacelle highlight.
DATA REDUCTION
All wind-tunnel parameters and model data were recorded simultaneously on mag-
netic tape. Except for scanning valve pressures, averaged values were used to com-
pute all parameters. The model angle of attack was computed by correcting the
support-strut angle both for sting deflections based on balance loads and for tunnel
upflow determined from inverted model runs in a previous tunnel entry (ref. 6).
Sting cavity pressures were used to correct the longitudinal balance components for
pressure forces in the sting cavity. Nacelle internal drag corrections were made by
using internal static pressures to determine the mass flow for a one-dimensional flow
calculation, and then by integrating the computed internal pressure and friction
forces. Skin-friction drag was calculated by using the method of Frankl and Voishel
(ref. 10) for compressible turbulent flow on a flat plate. No corrections were made
for model blockage since it was 0.36 percent of the test-section cross section.
Forces and moments were transferred to the model moment center, the quarter-chord
point of the mean geometric chord on the model waterline.
PRESENTATION OF RESULTS
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RESULTS AND DISCUSSION
Basic Longitudinal Aerodynamic Data
The basic longitudinal aerodynamic data for the clean wing-body configuration
and the various underwing aft-mounted configurations are presented in fiqures 12 to
19. Plots of lift coefficient versus angle of attack and plots of drag coefficient
and pitching-moment coefficient versus lift coefficient are shown for free-stream
Mach numbers from 0.70 to 0.85. Data are presented for the clean wing-body configu-
ration in figure 12, for the circular-nacelle configurations in figures 13 to 15, for
the D-nacelle configurations in figures 16 and 17, and for the D-nacelle configura-
tions with antishock bodies in figures 18 and 19. The analysis of these data is made
primarily at the design cruise conditions of M = 0.80 and C L = 0.43 at _ _ I ° .
(See also ref. 11.)
Aft-Mounted Nacelle Characteristics
There was an expected increase in the drag coefficient over that for the clean
wing-body configuration at the cruise Mach number of 0.80 associated with the instal-
lation of both the circular and D-shaped aft-mounted flow-through nacelles (fig. 20).
This drag increase was throughout the cruise lift range. Rotation of the drag polars
was mainly the result of an almost constant increase in lift throughout the angle-of-
attack range, resulting from the favorable interference effects of the aft-mounted
nacelles pressurizing the wing lower surface. In addition, a portion of this lift
increase may be attributed to the possible underwing fencing effect of aft nacelles
in the cusp region on the lower surface of the wing. By retarding the large under-
wing spanwise flow associated with the cusp region of the supercritical airfoil,
there was a reduction in the induced drag of the wing that was manifested as an in-
crease in lift at a constant angle of attack. An increase in nose-up pitchinq moment
also resulted from the lift increments.
Wing chordwise pressure-coefficient distributions at span stations inboard,
along the centerline, and outboard of the aft-mounted nacelles are presented in fig-
ure 21 for basic-pylon configurations. These data indicate that a large increase in
the wing lower-surface pressure coefficients resulted from a favorable interaction
between the nacelle and wing pressure fields. The effect extended from the nacelle
inlet (x/c = 0.714) forward to the wing leading edge. The presence of the D-nacelle
pylon on the wing upper surface caused a small loss in lift as indicated by the in-
crease in pressure coefficient occurring just behind the wing upper-surface shock
wave (at approximately 45 percent of the local chord). The circular nacelle pylon
caused a decrease in pressure coefficients. This resulted not only in an increase in
lift but also in drag since the pressures were aft of the winq maximum thickness.
Wing, pylon, and external-nacelle pressure-coefficient distributions are pre-
sented in figures 22 to 24 for the circular-nacelle confiqurations and in fiqures 25
to 27 for the D-nacelle configurations. The wing pressure-coefficient distributions
indicate that the favorable lift effect resulting from the aft-nacelle installations
includes practically the entire wing. This effect is more prominent over the winq
lower surface and indicates that the favorable lift effect afforded by the nacelle is
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possibly reinforced by the flow being turned from a partially spanwise direction to a
streamwise direction. Just outboard of the nacelle, the underwing pressure coeffi-
cients indicate that there is an acceleration of the flow at the nacelle inlet-lip
location. Again, this flow acceleration is possibly due to the large flow angles
that occur when the large spanwise flow of the cusp region of the supercritical wing
accelerates around the inlet lip of an aft-mounted nacelle.
Pressure-Pylon Effect
Pressure pylons with larger cross-sectional areas than those of the basic pylons
were used to route pressure tubes to the nacelles and pylons. An examination of the
wing upper-surface pressure coefficients in figures 22, 23, 25, and 26 reveals that
the primary effect of the larger pylon was to move the location of the shock forward.
This resulted in small lift losses and pitching-moment reductions as shown in fig-
ures 28 and 29. The drag polars of these configurations indicate that the lift-drag
ratios of the basic-pylon configurations are reduced by the pressure pylon.
Diverter Effect
Both a highlight and a recessed diverter were tested on the underwing aft-
mounted circular-nacelle configuration with the basic pylon (fig. 8). The longi-
tudinal characteristics are presented at a free-stream Mach number of 0.80 for these
two configurations in figure 30. These data indicate that the drag associated with
the recessed diverter is less than that of the highlight diverter throughout the lift
range. This could possibly be the result of the higher lift produced by the wing
when the recessed diverter, with its lower sweep, was used.
Antishock Bodies
Structurally, the installation of nacelles in an aft position as proposed herein
is an extremely difficult task since the forward attachment points would be located
well behind the aft structural member of the wing. Pylons of sufficient size to pro-
vide adequate structural volume (such as the pressure pylons tested here) have an
associated installation drag as previously shown. It was proposed, therefore, that
the structural volume required for this type of installation might be obtained by
employing antishock bodies similar to those reported in reference 3. The forward
portion of the bodies was a semiconical shape designed to reduce the wing upper-
surface shock strength by reducing the local flow velocities. The aft portion was a
minimum-drag afterbody terminating at approximately three body (maximum) diameters
behind the wing trailing edge.
The antishock bodies investigated in the present study were tested only on the
D-nacelle/basic-pylon configuration with the semiconical forebody apex located near
the wing crest. Two antishock-body configurations were tested; one had a short-cone
forebody that terminated ahead of the wing trailing edge, and the other had a long-
cone forebody that extended beyond the wing trailing edge. (See fig. 10.) Chordwise
pressure distributions and aerodynamic data for these two configurations are compared
in figures 31 to 34 at free-stream Mach numbers of 0.80 and 0.85. The installation
of the antishock bodies resulted in moving the shock location forward as indicated in
the pressure distributions of figures 31 and 32. The short-cone bodies provided the
greater shock relief. Characteristic of a supercritical airfoil, the forward move-
ment of the shock location indicated a lower upper-surface Mach number and a
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reduction in wave drag. However, the more negative pressure coefficients measured
over the aft portion of the wing with the short-cone bodies installed increased the
pressure drag to the extent that there was a net drag increase at the design lift
coefficient at both the lower Mach number (fig. 33(b)) and the higher Mach number
(fig. 34(b)). Although installation of the long-cone antishock bodies provided less
shock relief than the short-cone bodies, the trailing-edge losses were reduced to the
extent that the long-cone bodies caused no additional drag at a Mach number of 0.8
over a wide range of lift coefficients. In addition, the effectiveness of both
antishock-body configurations in providing shock relief increased at the higher Mach
number (0.85). In fact, the addition of the long-cone body at M_ = 0.85 resulted
in reducing the drag of the complete configuration to that of the wing-body configu-
rations alone at the design lift coefficient of 0.43 (fig. 34(b)). Also, the in-
crease in lift associated with the installation of the aft-mounted nacelles was
partially negated by the addition of the antishock bodies at a Mach number of 0.80 as
shown in figure 33(a). However, at a Mach number of 0.85 (fig. 34(a)), there was
essentially no lift loss associated with the antishock bodies at the cruise angle of
attack.
The more negative pressure coefficients on the aft portion of the wing, which
resulted in higher pressure drag for the short-cone antishock bodies, resulted from
the location of the forebody/afterbody juncture near the curved portion of the wing
aft upper surface. This location, in effect, created a compound curvature that
caused an acceleration and separation of the flow. The long-cone forebody/afterbody
juncture, on the other hand, occurs aft of the wing trailing edge and avoids this
condition.
Span-Load Distribution
Generally, there is a large loss in lift associated with the pylon-nacelle in-
stallation in the conventional forward underwing position. This loss in lift in-
creases as the relative size increases between the nacelle and wing. Such is the
case for the more efficient high-aspect-ratio wings advocated for future airplanes,
in which the local wing chord is reduced but the nacelle size remains the same. The
span-load distributions for the wing-body configuration and for the forward and aft
nacelle installations are presented in figure 35. The maximum loss in lift load
associated with the conventional nacelle installation occurs at the nacelle span
location and extends both inboard and outboard over the complete semispan of the
wing. The amount of lift loss can be seen by comparing these data to the wing-body
configuration. This lift must be recovered through an increase in angle of attack,
with a resulting increase in induced drag. The aft-mounted nacelle configuration, on
the other hand, develops an increase in lift relative to the wing-body configuration,
thus allowing a decrease in angle of attack and induced drag of the configuration.
The rate of change in the span loading is indicative of the strength of the vor-
ticity shed from a wing and its effect on induced drag. The large lift on the in-
board section of the wing due to the aft-mounted nacelle indicates that a large part
of the total vorticity is shed at the engine nacelle location. The nacelle, operat-
ing as an underwing fence, will possibly tend to dissipate the vorticity, with a
resulting reduction in induced drag as shown in figure 20(b). The powered nacelle
will possibly have a greater effect than is shown here.
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Installation Drag
The difference between the drag of the complete model configuration and that of
the model without nacelles is the nacelle installation drag AC D. The installed
drags of the D-nacelle and circular nacelle at the cruise Mach number and lift coef-
ficient are compared (fig. 36) along with the installed drag of a comparable nacelle
that is pylon mounted beneath the wing in a forward position. The shaded area of
each bar on this chart indicates the amount of the installed drag that may be attri-
buted to nacelle skin-friction drag (calculated skin-friction drag shown). The re-
maining area represents the combined value of form, wave, and interference drag of
the configuration. With the skin-friction drag of each nacelle configuration being
comparable, these data indicate that a maximum reduction in the drag above skin-
friction drag is obtained by the aft-mounted D-nacelle installation. Its drag is
approximately 60 percent of that of the conventional pylon-mounted nacelle in the
forward position.
The installed drag, above skin friction, of the circular nacelle shown in fig-
ure 36 is higher than that of the D-nacelle, but it is still approximately one-half
that of the conventional pylon-nacelle combination. This difference between the two
aft-mounted nacelles may possibly be a result of the interference associated with the
boundary-layer diverter required for the installation of the circular nacelle, and
also the fact that the outboard portion of the D-nacelle is closer to the wing plan-
form break where vorticity is shed.
CONCLUSIONS
An investigation to determine the effects of installing engine nacelles in the
aft underwing position on a transonic transport airplane model has been conducted.
Flow-through mixed-flow nacelles with circular and D-shaped inlets were tested over a
free-stream Mach number range from 0.70 to 0.85 and an angle-of-attack range from
-2.5 ° to 4.0 °. The following conclusions are presented:
I. Underwing aft-mounted nacelles generate a lift gain over almost the entire
span by pressurizing much of the lower wing surface in front of the nacelle. This
lift increase allows lower incidence angles and, therefore, even lower trim drag than
conventional forward-mounted nacelle configurations.
2. Underwing aft-mounted nacelles act like a fence to retard spanwise flow in
the cusp region of the supercritical wing, thereby reducing induced drag.
3. Pylons sufficiently large for structurally mounting nacelles in the aft un-
derwing position can be shaped like antishock bodies with the result of minimal per-
formance loss at cruise conditions.
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TABLE I.- WING-FUSELAGE FAIRINGS
(a) Forward fairing

























































































































































































































(b) Underwing rear fairing
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(C) _lat vertical section
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 3.- WING AND FUSELAGE PRESSURE-ORIFICE LOCATIONS
x/c
z/c for values of _ of -
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TABLE 5.- CIRCULAR-NACELLE INTERIOR COORDINATES































































































































































TABLE 6.- DIVERTER COORDINATES
(a) Recessed diverter (b) Highlight diverter








































































































































































































































































































































































































































































































































































































































































TABLE 9.- CIRCULAR-NACELLE AND PYLON STATIC-PRESSURE ORIFICE LOCATIONS
NS, in. x/c
0 o
Orifice locations at angles of _ of -































































































































































TABLE 10.- D-NACELLE FOREBODY COORDINATES
[All dimensions are in inches]
(a) @ = 0°; _HL = 3.3458 in.; Lli p = 3.8110 in.; T = 0.6713 in.;









































FOREEOOY EXTEI_NAL CONTOU_ ZHTERHAL COHlOOg











































































































































































































































(b) @ = 10°; _HL = 3,3060 in,; Lli _ = 3,7133 in,; T = 0,6633 in,;









































FOREBODY EXtERNaL C_OUR _'14lE RHAL CONTOUR







































6.3017 X.755X 0.0 0.57&1
6.2866 3.7687 0.0003 0.57Z7
6.2741 3.7833 0.0011 0.5712
6.2605 3.7972 0.0D25 0.5696
6.2477 3.8102 0.004_ 0.5683
6.2355 3._Z26 0.0069 0.5668
6.2Z&O 3.83_2 o.01oo 0.5652
6.2132 3.8_53 0.0137 0.5635
6.20Z9 3.8557 0.0380 0.5618
6.1932 3.8655 0.02Z9 0.5600
6.1_0 3.87_8 0.0256 0.5581
6.175_ 3.8836 0.0349 0.556Z
6.1672 3.8919 0.0420 0.554Z
6.1596 3.8997 0.0699 0.55_I
6.15Z_ 3.9070 0.0587 0.5499
6.1_56 3.9139 0.06_ 0.5_77
6.1392 3.9203 0.079Z 0.5454
6.1331 3.926_ O.091Z 0.5430
6.]Z78 3.93Z0 0.1047 0.5_06
6.1226 3.937Z 0.i197 0.53_2
6_1179 3.9420 0.1368 0.5357
6.1135 3.9_6_ 0.1573 0.5331
6.1102 3.9_99 0.177_ 0.5306
6.1070 3.9530 0.198_ 0.5_89
6.10_1 3.9560 0.2189 0.5273
6.1014 3.9587 0.23¢4 0.5259
6.0990 3.9611 0.2599 0.5248
6.0969 3.9633 0.260_ 0.5Z39
6.0952 3.9650 0.3010 0.5Z32
6.0938 3._664 0.3215 0.5227
6.0927 3.96;5 0.3&ZO 0°5223
6.0919 3.9683 0.3591 0.5_20
6.091_ 3.9689 0.3767 0.5219
6.0912 3.9691 0._9q3 0.5218
6.0911 3.969Z 0.Q149 0,5217
6.0910 3.9693 0.4355 0.5217
6.0910 3.9693 0.4518 0.5217


















































































(c) @ : 20°; RHL : 3.1882 in.; Lli p = 3.4549 in.; T : 0.6397 in.;
Xli p = 0.4355 in.; Ylip = 0.2909 in.
FOI_[BODY EX'TEI_NAL CO_(TOUR






















0.0 1.0904 7.0041 3.1882
0.0005 1.0943 6.9934 3.1995
8.0022 1.0982 6.9829 3.2108
0.0049 1.1020 6._724 3.2219
0.0087 1.1057 6.5620 3.2330
0.0136 E.1095 6.9517 3.2439
0.0196 I.I132 6.9416 3.2547
0.0267 1.1168 6.9315 3.2654
0.0350 1.1205 6.9215 3.2761
0.0443 1.1241 6.9115 3.2667
0.05_8 1.1278 6._015 3.297_
0.0665 1.1314 6.8914 3.3081
0.0793 I 1351 6.8813 ].3188






















0.7755 I.ZZ60 6.6315 3.5847
0.8302 1.2303 6.6197 3.5972
0.8862 1.2346 6.6079 3.6098
0.94_8 1.23_0 6.5959 3.6226
1 0153 1.2434 6.5838 3.6355
I 0852 1 2479 6.5715 3.6485
I 1666 1 2528 6.5581 3.6628
1 2_80 I 2574 6.5454 3.6763
I 3Z94 1 2617 6.5335 3.6889
1 41o8 ] 2658 6.5223 3.7009
1 4921 1 2696 6.5118 3.7121
1 5735 1 2732 6.5019 ].7226
1 6549 1.2766 6.4_25 3.7326
1.7363 1.2798 6._838 3.7419
1.8177 1.2626 6.4755 ] 7507
1.8991 1.2856 6.4678 3 7569
1.9805 1.2882 6.4606 3 7666
2.0619 1.2907 6.45::M5 3 7738
2.1433 1.2930 6.4475 3 7803
2.2247 1.2951 6.4416 3 7867
2.3060 1.2971 6.4362 3.7925
2.3874 1.2989 6.4312 3.7979
2._688 1.3006 6._266 3.8028
2.5502 1.30Z2 6._22_ 3.8072
2.6316 1.3035 6.41_5 3.8113
2.7130 1.3068 6._151 3.8150
2.7808 1.3057 6.4125 3.8177
Z.Sq86 1.3066 6.4102 3.8201
2.9184 1.3073 6.&082 3.8223
2._882 1.3079 6._065 3.8262
3.0581 1.3084 6 4051 3.8256
3.1279 1.3088 6 4041 3.&267
3.1933 1.3090 6 &035 3.8273
3.2587 1.3091 6 4032 3:8277
3.32&1 1.30_2 6 4030 3._278
3.3895 1.3092 6 _030 3.6279
3.4549 1.30_2 6.4030 3.8Z7_
3.5193 1.30_2 6.4030 3.8279
3.5041 1.3092 6.4030 3.8279
3.6487 1.3092 6._030 3.8279
3.7133 1.3092 6.4030 3.8279
3.8110 1.3092 6.4030 3.6279
I)_EPNAL COH'7OUW
NS 4-NBL l,a,,tL 5CRIPT-R
0.0 1.090q 7.00&1 3.1682
0.0003 1.0877 7.0117 3.1801
0.o011 1.0849 7.0194 3.1719
0.0025 1.0820 7.0273 3.1635
0.00_4 1.0790 7.0354 3.1549
0.0069 1.0760 7.0438 3.1460
0.0100 1.0728 7.0524 3.1_67
0.0]37 1.0695 7.0615 3.1271
0.0180 1.0661 7.0709 3.1171
O.O_Z9 1.0625 7.0807 3.1067
0.02_6 1.0568 7.0_09 3.0958
0.0349 1.0550 7.]014 3.08_6
0.0420 1.0510 7.1124 3.0729
0.0_99 1.0468 7.1238 3.0608
0.0587 1.0426 7.1_55 3.0_83
0.0684 1.0_82 7.1476 3.0354
0.0792 1.0337 7.1600 3.0ZZ2
0.0912 1.0291 _.1727 3.0088
0.10_7 1.024_ 7.1855 2.9951
0.1197 1.0197 7.1965 2.9813
0.1368 1.0149 7.2115 2.967_
0.1573 1.0100 7.2251 2.9530
0.1778 1.0058 7.2366 2.g_08
0.i_8_ 1.0023 7.2_62 2.9305
0.Z189 0.999% 7.2541 2._221
0.2394 0.9971 7.2606 2.9152
0.2599 0.9_52 7._657 2.9097
0._£0_ 0.9937 7._697 Z.9055
0.3010 0.9_27 7._726 2 90_4
0.3215 0.9919 7.2747 2 _002
0.3_20 0._1_ 7.2761 2 8_7
0.3591 0.9912 7.2766 2 8980
0.3767 0.9910 7.2772 2 8975
0.3943 0.9909 7.277_ 2 8_73
0.4149 0.9909 7.2774 2.897]
0.4355 0.9909 7.2774 2.8973
0.4518 0.9909 7.2774 _.a973
0._681 0.9q09 7.2774 2.8973
0.4604 0.9909 7._77_ 2.8973
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TABLE 10.- Continued
RHL =(d) @ = 30°; = 2.9981 in.; Lli _ 3.1279 in.; T = 0.6015 in.;
Xli p = 0.3943 in.; Ylip = 0.2736 in.
FO',_EBOOY FXT£RNAI COtfTOUW ZHTERNAL COt(TOUR
145 + -I,_L NNL 5CRZPT-R N3 4-hSL HI.IL 5CRZPT-R HS 4-HSL
0.0 1.4991 7.403& 2.9981
0.0005 1.5046 7.3939 3.0093
0.0022 1.5102 7.3642 3.0204
0.0049 1.5157 7.3T47 3.0314
0.0067 1.5112 7.3653 3.0413
0.0136 1.5265 7.3560 3_0531
0.0196 1.5319 7.3467 3.0637
0.0267 1.5371 7.3376 3.0743
0.0350 1.5424 .7.3285 3.0848
0.0443 1.5477 7.3194 3.0953
0.0548 1.5529 7.3103 3.1058
0.0665 1.5382 7.3011 3.1164
0.0793 1.5635 7.2919 3.1270
0.0933 1.5669 7.2626 3.1378
0.]085 1.5743 7.2733 3.1_85
0.1250 ].5797 7.2639 3.159_
0.1427 1.5851 7.2545 3.1702
0.]616 1.5_06 7.2_50 3.1812
0.1819 1.5961 7.2355 3.1922
0.2035 1.6016 7.2259 3.2033
0.2265 1.6072 7.2161 3.Z14_
0.2509 1.6128 7.2066 3.2256
0.Z767 1.618_ 7.1966 3.2368
0.3D41 1.6241 7.1670 3.2681
0.3330 1.6297 7.1772 3.2595
0.3635 1.6353 7.]673 3.2709
0.3956 !.6&!2 7=1574 3,261_
0.4296 1.6670 7.1474 3.2939
0.4653 1.65Z7 7.1374 3.3055
0.5029 1.6566 7.1273 3.3171
0.$426 1.664_ 7.1172 3.3268
0.5844 1.6703 7.1070 3.3_06
0.6284 1.6762 7.0_66 3.352_
0.6748 1.6621 7.0865 3.3643
0.7238 1.6881 7.0761 3.376Z
0.7755 1.6941 7.0657 3.3882
0.8302 1.7002 7.0552 3.4003
0.8882 1.7062 7.0447 3.4125
0.9498 1.712_ 7.0341 3.42_7
1.0153 1,7185 7.0234 3.4371
1.0952 1,7248 7.0126 3._495
1.1666 1.7316 7.0009 3.&631
1.2_80 1.7379 6.9898 3.4758
1.3294 1.7439 6.9795 3.4877
1.4108 1.7494 6.9699 3.4989
1.4921 1.7546 6.9609 3.5093
1.5735 1.7595 6.95Z5 3.5190
1.6549 1.7640 6.9446 3.5280
1.7363 1,7662 6.9373 3.5365
1.8177 1.772_ 6.9305 3.5643
1.8991 1.7758 6.9242 3.55_6
1.9805 1.774Z 6.9184 3.5583
2.0619 1.7823 6.9130 3.5645
2.1433 1.7851 6.9051 3.5702
2.2207 1.7677 6.9036 3.5754
2.3060 1,7900 6.8996 3.5601
2.3874 1.7922 6.8959 3.5843
2.46_8 1.7940 6.8927 3.5881
2.5502 1.7957 6.8898 3.5913
2.6316 1.7970 6.887_ 3.5941
2.7130 1.7962 6.6855 3.5963
2.7505 1.7989 6.6843 3.5977
2.5466 1.7994 6.8834 3.5987
2.9164 1.7997 6.6_29 3.5993
2._682 1.7998 6.8827 3.5996
3.0581 1.7996 6.8826 3.5996
3.1279 1.7998 6.6626 3.5996
3.1933 1,7998 6.8826 3.5996
3.2587 1.79q8 6.8626 3.59_
3.3241 1.7998 6.8626 3.5996
3.3895 1.7998 6.88_6 3.59%
3.4549 1.7998 6.8826 3.5996
3.5195 1.7998 6.8826 3.5996
3.5841 1.7998 6.8826 3.5996
3.6487 1.7998 6.8626 3.5996
3.7133 1.7996 6.8626 3.5996


















































































(e) @ = 40°; RHL = 2.7451 in.; Lli p = 2.8486 in.; T = 0.5508 in.;








































FOI_EBOOY £X"TE;_NAL COI'_OL,_ Ih[TERHAL co_r OUR
























































































































































































































































































































TABLE I 0,- Continued
(f) @ = 51,8540 ° RHL = 2,3829 in,; Lli p = 2.7130 in,; T = 0,4781 in,;
Xli p = 0,3420 in,; Ylip = 0,2174 in,




































































































































































































0.0 1.8740 8.5282 2.3829
0.0003 1.8686 8.5324 2.3761
0.0011 1.8632 8.5367 2.3691
0.0025 1.8576 8.5411 2.3620
0.0044 1.8518 8.5456 2.3546
0.0069 2.8458 8.5503 2.3470
o.oi0o 1.8395 8.5553 2.3390
0.0137 1.8329 8.5604 2.3307
0.0180 1.8261 8.5656 2.3120
0.0229 1.8190 8.5713 2.3130
0.0286 1.8116 8.5772 _.3036
0.0349 1.8040 8.5832 2.2938
0.0420 1.7960 8.5C94 2.Z_38
0.0_99 1._879 8.5958 2.273_
0.0587 1.7706 8.6023 2.2610
0.0684 1.7712 8.6089 2.25_2
0.0792 1.7627 8.6156 2.Z_I&
0.0912 1.7542 8.62_2 2.2306
0.I0_7 1.7q58 8.6265 2.2199
0.1197 1.7376 8.6353 2.Z095
0.1368 1.7297 8.6415 2.i995
0:]57_ 1.7210 8.6_75 2.18_6
0.1778 1.7160 8.6523 2.1820
0.1984 1.711_ 8.6559 2.1761
0.Z189 1.7080 8.65_5 2.1719
0.2394 1.7057 8.6603 2.1689
0.2599 1.7063 6.6615 __]670
O.Z80& 1.7034 8.6621 2.1560
0.3010 1.7031 8.6624 2.1656
0.3215 1.7030 8.6625 2.]655
0.3420 1.7030 8.6625 2.1655
0.3591 1.7030 8.6625 2.1655
0.3767 1.7030 8.6625 2.1655
0.3943 1.7030 8.6625 2.1655
0._149 1.7030 8.6625 2.1655
0.4355 1.7_30 8.6625 2.1655
0.4518 1.7030 8.66Z5 2.1655
0.4681 1.7030 8.6625 2.1655
0.4804 1.7030 8.6625 2.1655
39
TABLE 10.- Concluded
(g) @ : 90°; RHL : 1.8740 in.; Lli p : 2.7130 in.; T : 0.3760 in.;
Xli p = 0.3420 in.; Ylip = 0.1710 in.
FOREBOOY EXTERNAL CONTOUR





























0.1085 1.9749 I0 0000






































































































































2.2500 10 0000 2.2500
2.2500 I0.0000 2.2500
2.2500 I0.0000 2 2500
2.2500 I0.0000 2 2500
2.2500 10.0000 2 2500
2.2500 i0.0000 2 2500
2.2500 I0.0000 2 2500





































































































































































































































TABLE 12.- INTERSECTION BETWEEN WING LOWER SURFACE AND D-NACELLE INTERIOR
[All dimensions are in inches]
















































































































































































































































































































































[NBL 0.0 at BL 11.6770]
(a) Over wing











































































































































































































































































































































































































































































































































































































































































































































































































































































































































Orifice locations at angles of 9 of -

















































































































(a) Short-cone antishock body (b) I_ng-cone antishock body









































































































































_1_ Offset circular _]



































-/_ -_ _/aired/,,-r from circular















































































































































































Aspect ratio .......... 7.52
Taper ratio ... ........ 0.328




Dihedral, deg ......... 0
All dimensions are in inches unless otherwise specified.
Figure 5.- Wing geometry.
61
WRP
Fuselage side (BL 4.000; N = 0.127); t/c = 0.144




Tip (BL 31.561; r] = 1.000); t/c = 0.i00




































BL c n c/c
av
0.0 - 17. 500 0 2.086\
\
4.850 -_ 14. 373 .154 1.713
7. 890 ......... _ - 12.4B ..... .250 1.479
\
10.360 -- _ -10.821 ...... 328 1.290
11.6]7 ......... _, --9.972 ...... .370 1.189
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No. 90 silicon carbide




No. 80 silicon carbide
grit O. 1 in. wide,
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(a) Lift coefficient plotted against angle of attack.
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(a) Lift coefficient plotted against angle of attack.
Figure 13.- Longitudinal aerodynamic characteristics for underwing aft-mounted
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(a) Lift coefficient plotted against angle of attack.
Figure 14.- Longitudinal aerodynamic characteristics for underwing aft-mounted
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a) Lift coefficient plotted against angle of attack.
Figure 15.- Longitudinal aerodynamic characteristics for underwing aft-mounted
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(a) Lift coefficient plotted against angle of attack.
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(a) Lift coefficient plotted against angle of attack.
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(a) Lift coefficient plotted against angle of attack.
Figure 18.- Longitudinal aerodynamic characteristics for underwing D-nacelle
with basic pylon and short-cone antishock body.
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(a) Lift coefficient plotted against angle of attack.
Figure 19.- Longitudinal aerodynamic characteristics for underwing D-nacelle
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(a) Lift coefficient plotted against angle of attack.
Figure 20.- Comparison of longitudinal characteristics at M_ = 0.80 for underwing
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(a) n = 0.328.
Figure 21.- Effect of aft-mounted nacelles on wing chordwise pressure-
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Figure 22.- Wing pressure-coefficient distribution for circular-
nacelle/basic pylon/recessed-diverter configuration at M_ = 0.80
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Figure 23.- Wing pressure-coefficient distributions for circular-
nacelle/pressure-pylon/recessed-diverter configuration at M_ : 0.80
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Figure 25.- Wing pressure-coefficient distribution for D-nacelle/basic-
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Figure 26.- Wing pressure-coefficient distributions for
D-nacelle/pressure-pylon configuration at M_ = 0.80
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(a) Lift coefficient plotted against angle of attack.
Figure 28.- Comparison of longitudinal characteristics at Moo = 0.80 for underwing
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(a) Lift coefficient plotted against angle of attack.
Figure 29.- Comparison of longitudinal characteristics at Moo = 0.80 for underwing
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(a) Lift coefficient plotted against angle of attack.
Figure 30.- Comparison of longitudinal characteristics at M_ = 0.80 for underwing
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(a) n = 0.328.
Figure 31.- Effect of antishock bodies on wing pressure-coefficient
distributions at M_ = 0.80.
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(a) q = 0.328.
Figure 32.- Effect of antishock bodies on wing pressure-coefficient
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(a) Lift coefficient plotted against angle of attack.
Figure 33.- Comparison of longitudinal characteristics at M_ = 0.80 for underwing
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(c) Pitching-moment coefficient plotted against lift coefficient.
Figure 33.- Concluded.
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(a) Lift coefficient plotted against angle of attack.
Figure 34.- Comparison of longitudinal characteristics at M_ = 0.85 for underwing
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Figure 35.- Comparison of span-load distributions for aft-mounted and
conventional pylon-mounted nacelle configurations at M_ = 0.80
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